A single overlay plaque assay was designed and evaluated for infectious hematopoietic necrosis virus. Epithelioma papillosum carpio cells were grown in normal atmosphere with tris(hydroxymethyl)aminomethane-or HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid)-buffered media. Plaques were larger and formed more quickly on 1-to 3-day-old cell monolayers than on older monolayers. Cell culture medium with a 10% addition of fetal calf serum (MEM 10) The plaque assay combines simplicity, accuracy, and high reproducibility in the quantitation of virus (4). When one is adapting the assay for a specific virus, it should be realized that no single method can be used for plaquing all viruses (1). A single plaquing procedure for eight fish viruses has been proposed in which a biphasic (solid-liquid) overlay is used (8). Our attempts to plaque infectious hematopoietic necrosis (IHN) virus by this uniform method resulted in unacceptable statistical and procedural variation. A possible cause of variation is that in this method agarose overlays are used at temperatures that could be damaging to certain fish cell lines (2) or to the virus (7). Agar can also contain sulfated polysaccharides, which are known to adsorb some viruses (4). The plaquing system presented here reduced this experimental variation. 
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MATERIALS AND METHODS
Virus. IHN equal volume of double-strength MEM 0. Additional supplements to make MEM 10 were then added. Just before use, gum tragacanth was mixed well to resuspend colloidal bassorin (2) . Agar (2%) and agarose (2%) were dissolved in deionized water, autoclaved, and cooled to 43°C. Double-strength MEM 10, warmed to 43°C, was added to an equal volume of each overlay just before its use. The pH of a methylcellulose overlay was adjusted to 6.8, 7.1, 7.3, and 7.4 in a single assay. We used different volumes (3, 5, and 7 ml) of methylcellulose and gum tragacanth overlays to determine the effect of varied overlay depths.
Plaquing procedural variables. The time allowed for virus adsorption after inoculation was varied in 30-min intervals from 30 to 180 min, with and without a PBS rinse of the cell layer before addition of the overlay. Plaque formation timing was evaluated by fixing cell monolayers on days 7, 9, and 10 after virus inoculation. We plaqued relative doses of IHN virus in a dose-response test with the final standardized assay procedure.
Statistics. Both the t test and analysis of variance were used to compare treatment groups and linear regression to determine the dose response relationship.
RESULTS
Age of cell layer. In each replicate assay involving the age of the cell monolayer, the plaques formed more quickly on younger than on older cell layers (Fig. 1) . Plaques formed on the youngest cell layers, 1 to 3 days old, were larger and more easily counted than were plaques on layers 4 to 10 days old. The oldest cell layers, to 10 days, usually produced more plaques, but areas of cytopathic effect on the older layers often did not clear and could be distinguished only as foci of darker staining cells.
Virus diluent. MEM 10 and MEM 0 diluents behaved similarly (Table 1) , but the use of normal broth, PBS, saline, or deionized water reduced the number of plaques formed. The use of a deionized water diluent often resulted in damage to the cell layer.
Changes in the pH of a MEM 0 diluent from 7.0 to 8.0 had no significant effect on plaque numbers. The amount of virus-bearing diluent added to the cell layer affected the assay (Table   2 ). When the volume of inoculum was increased beyond 0.15 ml, the nuniber of plaques decreased.
Overlay media. A significantly greater number of plaques formed under gum tragacanth or methylcellulose than agarose or agar ( Varying the pH of a methylcellulose overlay revealed a trend toward more plaques at lower pH levels. The mean number of plaques at pH 6.8 (137.3) was greater than the mean at pH 7.4 (95.8), the extremes tested, but the differences between other pH groups were not significant.
Changes in overlay depth resulted in changes in plaque numbers (Fig. 2) (Table 4) . Fewer plaques were formed after a 30-min adsorption than the plaque mean for 60-to 180-min periods. For each adsorption time the number of plaques was reduced when the cell layers were rinsed after the adsorption period.
Plaque formation time. Significantly fewer plaques were found on plates fixed on day 7 after virus adsorption than on plates fixed after 9 or 10 days (Table 5 ). There were no differences in plaque numbers between plates fixed on day 9 or 10. Plaques appeared sooner in younger cell layers (1 to 3 days). At virus inoculation, the cells used in this assay were older (4 days), and (Fig. 1). APPL. ENVIRON. MICROBIOL. cell layer without agitating the plates. At least k) overlay was used for both 1 h is allowed for virus adsorption, followed by the addition of 5 ml of a 0.75% methylcellulose e number of replicate plates-in MEM 10 overlay which is buffered with Tris Younger cell layers produced fewer, but larger and more easily counted plaques in a shorter time.
Unlike agar or agarose, methylcellulose and gum tragacanth do not require heating which may damage cell lines from cold water fish. Consequently, gum tragacanth has been used for plaquing fish virus (2 Through examination we believe the derived parameters will reduce variability and increase sensitivity and convenience in the plaque assay of IHN virus.
